blood. Normal arterial blood, already almost fully saturated, would bubble oxygen. When this happens there is a rise in oxygen tension in the blood which gradually settles as the oxygen bubbles off. However, there is a short latent period which could be all important as it is comparable with the time taken for the mixture to reach the tumour. The extent of the rise in tension has not yet been measured but the effect is at least equivalent to pure oxygen at 2 atmospheres; doubling the concentration of the hydrogen peroxide certainly raises the tension much farther. These experiments were all done in a specially constructed apparatus; they do not necessarily apply in the body.
The safety of this technique was discussed and precautions taken to avoid vasospasm were outlined. An experiment in which a rabbit's brain was perfused with hydrogen peroxide was described. This experiment did not. result in any damage to the rabbit's brain.
The most important question was whether this type of perfusion raised the oxygen tension in the tissues. The various factors concerned in tissue oxygen tension were outlined and methods of measuring oxygen tissue tension were described. A polarized electrode was found to be the only suitable method of measuring tissue oxygen tension and this had been used clinically. This work has not yet been completed and it is hoped to publish some figures later which will indicate if there is any rise in tissue oxygen tension during hydrogen peroxide perfusion and, if possible, exact figures so that this technique can be compared directly with oxygen pressure chambers.
Finally, one serious contraindication of hydrogen peroxide perfusion was described. This was congenital acatalasia, first reported in Japan in 1946 (see Wyngaarden & Howell 1960) . A girl of 11 with a curious and undiagnosed conditionwhich had loosened many teeth and ulcerated her gumswas having an operation to remove a sequestrum from the upper jaw. When all the dead bone had been removed the surgeon packed the cavity with a swab soaked in hydrogen peroxide; thewhole area went black and, to quote his report, 'Just as if silver nitrate had been applied by mistake. Thinking this was so, I frantically poured on saline solution to neutralize the silver nitrate. Next I washed the wound with hydrogen peroxide from a new bottle, and the same thing happened. Finally, I noticed that the black colour was caused by the blood oozing out of the wound, and there were a few bubbles.' He had discovered the rare condition of acatalasia. There is no catalaseor peroxidasein the blood of these patients. This is inherited as an autosomal recessive characteristic. The condition of this girl's upper jaw was the result of her defect. It is known that hydrogen peroxide is generated where streptococci or pneumococci grow; normally this is at once acted upon by catalase but, where there is no catalase, the hydrogen peroxide turns to the hemoglobin and makes methamoglobin. This deprives the tissues of the oxygenating properties of oxyhemoglobin and so necrosis results wherever streptococci grow. The brownblack colour the surgeon noticed was methemoglobin. If such a patient were perfused with hydrogen peroxide the result would be disastrous biochemically andclinically. However, theverysimple routine test of adding hydrogen peroxide to blood would pick out these patients. So far they have only been found in the Far East in a proportion of about 2 per 100,000 of the population. During the past two years at St Bartholomew's Hospital we have treated a small series of patients with advanced cancer in the head and neck by arterial perfusion of hydrogen peroxide combined with external irradiation. This treatment was suggested and has been supervised by Mr John Whittle of the Department of Radiotherapy.
Mallams and Finney in Dallas treated their cases over a period of three weeks. The fractionation employed at St Bartholomew's lasted six weeks and the patients were treated three times weekly on our cobalt 60 unit; the total tumour dose was usually about 6,000 rads. We used the same perfusion solution already described and it was run in as quickly as the patient could tolerate itusually taking twenty to forty minutes; the radiotherapy was given near the end of the perfusion. Too rapid perfusion causes marked discomfort.
The growths treated involved the tongue, floor of mouth and mandible, fauces, upper jaw and the nasal vestibule.
Growths in the upper jaw can be perfused via the internal maxillary, while those involving the tongue and mouth region require a catheter placed at the level of the superior thyroid, near the bifurcation, in order to ensure good filling of the lingual branch. The two branches used for catheterization have been the superficial temporal and the superior thyroid. A catheter inserted into the superficial temporal can usually be passed down the carotid tree and its position checked by dye injection until it reaches the required level for the growth concerned. This route is particularly applicable to growths in the upper jaw where the internal maxillary is the target. The superior thyroid catheters are usually inserted so that the tip lies just within the lumen of the external carotid and this approach is best for perfusion of the lingual and facial arteries.
Ideally the catheter tip should be as close as possible to the artery to be perfused so as not to dissipate the solution unnecessarily, for dye and angiographic studies have shown how blood currents may carry injected solutions away from the mouth of the artery concerned and these currents and eddies can vary from day to day. Exposure of the superficial temporal above the zygomatic arch offers no difficulties but on insertion of the catheter its passage may be blocked after an inch or so at the junction of the superficial temporal and internal maxillary arteries. Too vigorous attempts to overcome this impasse can perforate the artery, especially if it is atheromatous and this happened in one of our cases.
Initially we used a catheter with a solid rounded end and three rings of side perforations; this type is easy to insert but it has the disadvantage that clotting occurs in the distal end and this may gradually extend up the lumen progressively blocking the openings; as a result the level of perfusion is uncertain and needs constant checking by dye injection. For this reason we now use a catheter which is open only distally. The operating microscope facilitates accurate incision of the coats of the arterial wall and insertion of the catheter.
Once inserted, the catheter is secured by a silk tie round the artery and when the small bulldog clamp, which has been applied to the artery proximal to the point of incision, is released the reflux of blood up the catheter is kept at bay by injecting heparinized saline. The saline is replaced by patent blue solution and about 2 ml is injected into the carotid tree to check the position of the catheter. The immediate blue-green discoloration of the tissues gives dramaticproof of the efficiency, or otherwise, of the perfusion.
When the catheter is in the right place a second ligature is tied round thr artery and catheter.
Satisfactory fixation of the catheter for a period of six weeks is not easy and we have used various tricks to try to do this. In superficial temporal catheterization one or two skin sutures can be used to hold the catheter still. In superior thyroid cases we have tried coiling the catheter once beneath the skin and platysma or else placing holding sutures in the sternomastoid or fascia. In spite of these precautions three catheters, which appeared satisfactorily in position and well secured, became dislodged within the first fortyeight hoursprobably due to neck movements. We are now planning to use a catheter with a small flange near the distal end to ease fixation. When the perfusions are completed the catheter can be pulled out easily and no significant bleeding occurs.
In one case, a frail and shrunken elderly woman, we failed in attempts at catheterization of both the superficial temporal and superior thyroid arteries. Satisfactory catheterization of the superficial temporal also failed in 2 other patients.
When the catheter is satisfactorily fixed its position is checked next day by angiography; because this examination causes discomfort it is done only once but it does show the size of the branch supplying the tumour. It is disturbing to note how avascular many tumours areonly one in our series had an abnormal tumour circulation. From this it would seem unlikely that all these growths can be satisfactorily perfused throughout their whole mass. We used special electrodes to measure the Po. level in one case of cancer of the tongue and perfusion with hydrogen peroxide appeared to raise the P02 level sixfold.
In addition to the difficulties of fixation of the catheter and its maintenance in the correct position for several weeks, there are hazards accompanying the actual perfusion itself. The most serious and dramatic of these is a hemiparesis; fortunately it is not permanent, recovery beginning about fifteen minutes after onset and being complete in four to six hours. Various explanations are given for the phenomenon: it may be due to the catheter tip lying below the bifurcation and an air clot or a dislodged atheromatous plaque passing up the internal carotid artery; it can occur when the catheter tip is well above the bifurcation and it has followed the injection of normal salinein these circumstances it is generally attributed to reflex spasm of the whole carotid tree. Transient hemiparesis has occurred 3 times in 110 perfusions in our series.
In 2 cases the perfusion was regularly accompanied by swelling in the soft tissues of the cheek and submandibular regions which was reduced by slowing the rate. These patients have less local reaction during treatment than those treated without perfusion. Where the growths are badly infected, perfusion with antibiotic solution has markedly relieved the pain and cedema around the growth.
In selecting cases for treatment by this method we have chosen advanced growths of the mouth and upper jaw in which conventional radiotherapy would have been expected to fail.
During the past two years there have been a total of 11 cases in whom the catheterization and perfusion were satisfactory. The distribution is: Lower jaw 4, tongue 3, upper jaw 3, nasal vestibule 1. Only initial results can be given and these are as follows: Died 5, alive with recurrence 1, alive and well 5. Two patients in the alive and well group have had surgery of the upper jaw following their radiotherapy.
Our experiences with this method of treatment have been disappointing. It is time consuming for all concerned, can cause the patient discomfort and even dangerous complications, and the results do not show a dramatic improvement over those obtained by straight radiotherapy. Arterial catheterization in this area poses considerable problems especially if the catheter has to remain in situ for six weeks.
Professor D F N Hafrison (London) said that everybody was well aware of Dr Churchill-Davidson's contributions to the subject of increased oxygenation. However, he felt that many of the tables projected during his lecture were over-simplified and lacked clarity. Professor Harrison commented that the extremely good results obtained by the application of this form of therapy to supposed malignant glands might be explained by the fact that no prior biopsy had been carried out and there was no evidence that the glands had ever been involved in metastatic carcinoma. If the overall results were really as good as reported by Dr Churchill-Davidson it was surprising that this technique was not being used by all radiotherapists.
With regard to the work reported by Mr Williams and Mr McNab Jones, Professor Harrison said that on a recent visit to America he had been greatly impressed by the verve and enthusiasm of the workers in Dallas. However, further enquiries revealed that apparently there had been no fundamental work carried out in the United States prior to the treatment of patients with this technique and he understood that the initial enthusiasm had now commenced to wane. He congratulated Mr Williams on attempting to remedy this fundamental defect even though only slight progress had been made.
Mr McNab Jones had carried out only 11 intra-arterial infusions and he warned him from his own experience of 110 cases treated by chemotherapy that variations in the branches of the external carotid artery were found almost as frequently as the more accepted anatomical configuration. In one particular case it was obvious that the facial and lingual artery must have arisen from a common trunk and this explained the dyeing of the face as well as the tongue. This variation occurred in 20% of cases, and the superior thyroid artery arose from the common carotid artery in 16% of cases. Many workers both in this country and abroad had commented on the damage of long-term indwelling arterial catheters and Professor Harrison felt that this technique was only justifiable when the eventual results of therapy outweighed these disadvantages.
Surgeon Captain G S Irvine (Royal Navy) referred to Dr Churchill-Davidson's statement that one in three of the patients was unable to 'clear his ears', but that myringotomy had been performed in all cases.
If a patient could clear his ears he could see no reason why a myringotomy should be done. If patients could not clear their ears, he suggested that it would be better to try to train them in Valsalva's manceuvre or other methods of clearing before proceeding to myringotomy. The effect of Eskornade or a similar long-acting antihistaminic was also well worth a trial. This had been used with success in the Royal Navy in the case of divers with 'sticky tubes'. It had been found in the case of divers that a subject who had difficulty in 'clearing' was often able to do this if a slower rate of change of pressure was used. Deliberate small fluctuations of the pressure often enabled 'clearing' to take place when this had not been possible with a steady increase of pressure.
Divers were not allowed to use pure oxygen before 33 ft (i.e. 1 atmosphere) because of the risks of oxygen poisoning.
Meeting February 71964
The following papers were read: The meeting will be reported in the Journal of Laryngology
